Background: Possible targeted therapies for metastatic triple negative breast cancer (TNBC) include cytotoxic chemotherapy that causes interstrand breaks (platinum-based drugs). The excision repair cross-complementation 1 (ERCC1) enzyme plays an essential role in the nucleotide excision repair pathway, removing platinum-induced DNA adducts and contributing to cisplatin resistance. Detecting ERCC1 overexpression is important in considering treatment options for metastatic TNBC, including individualized approaches to therapy, and may facilitate improved responses or reduction of unnecessary toxicity. We hypothesized that assigning cisplatin based on pretreatment ERCC1 expression would improve response and survival. This study was conducted to assess the impact of ERCC1 expression on PFS, OS and response rates in metastatic triple negative breast cancer patients treated with platinum-based chemotherapy. Methods: From June 2012 to November 2013, 52 metastatic triple negative breast cancer patients were enrolled. ERCC1 protein expression was detected from pretreatment biopsies by Immunohistochemistry. All patients received cisplatin plus paclitaxel. The primary end point was the impact of ERCC1 expression on PFS and OS. Results: 34 patients (65.4%) showed positive ERCC1 expression while 18 (34.6%) proved negative. Positive ERCC1 expression was associated with short PFS (median, 5 months vs. 7 months; P = 0.043), short OS (median, 9 months vs. 11 months; P = 0.033) and poor response to cisplatin based chemotherapy (P = 0.046). Conclusions: This prospective study further validated ERCC1 as a reliable biomarker for customized chemotherapy in metastatic triple negative breast cancer patients. High expression of ERCC1 was thereby fond to be significantly associated with poor outcome in patients treated with platinum based chemotherapy.
Introduction
Breast cancer is a disease with different both histological subtypes and clinical courses. Molecular types are luminal subtype A, luminal subtype B, the human epidermal growth factor receptor 2 (HER2)-overexpressing subtype; and the basal-like subtype (Weigelt et al., 2008) .
Expression of ER and/or progesterone receptors (PR) characterizes luminal tumors, and HER2-overexpressing subtype is defined by overexpression and/or amplification of HER2 in tumors negative for ER and PR expression. Triple negative breast cancers (TNBC) is breast tumors that do not express hormone receptors (ER, PR) nor HER2 overexpression and/or amplification (Goldhirsch et al., 2011) .
Triple-negative breast cancer (TNBC) represents approximately 10-20 % of breast cancer patients and is an aggressive subtype with poor prognosis (Carey et al., 2010) . Chemotherapy is the only systemic treatment available for TNBC; however, many TNBC patients developed relapse within 1-2 years and 30 % of patients survive for five years even with adjuvant chemotherapy (Dent et al., 2007) .
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The majority of TNBC are of basal-like phenotype, but this group of tumors also includes tumors that lake the expression of basal markers, including the molecular apocrine and claudin-low tumors (Higgins and Baselga, 2011) . Targeted treatment for TNBC are not completely available, and the main line of treatment is chemotherapy, including platinum drugs, single or in combination with other chemotherapy drugs (Hudis and Gianni, 2011) .
Platinum-based chemotherapy is effective in many malignant diseases. There are three platinum agents more commonly used, namely cisplatin, carboplatin, and oxaliplatin. These platinum drugs form a platinum-DNA adducts, leading to destruction in the helical structure of the DNA (Kelland, 2007) . The distortion of the DNA molecule results in cessation of transcription and replication, that will result in cell death.
DNA adducts are detected and repaired by the nucleotide excision repair (NER) pathway, including those caused by platinum agents. The excision repair cross-complementation group 1 (ERCC1) is a nuclease that plays an important role in the NER pathway: ERCC1 forms a heterodimer with xeroderma pigmentosum complementation group F (XPF) protein, and the compound ERCC1-XPF remove the excision of the damaged DNA (Vilmar and Sorensen, 2009) . So, the integrity of the NER pathway is a good predictor for resistance to platinum drugs (Kelland, 2007) .
Low expression of ERCC1 correlated with in vitro sensitivity to cisplatin in malignant cell lines from cervical cancer (Britten et al., 2000) , testicular cancer (Welsh et al., 2004 ) and malignant effusions collected from patients with non-small cell lung cancer (Wang et al., 2008) . Retrospective analysis have shown a relation between increased level of ERCC1 mRNA or protein expression and resistance to the platinum-based chemotherapy in many types of advanced tumors, including gastric and colon cancer (Kwon et al., 2007) , non-small cell lung cancer (NSCLC) (Wang et al., 2008) , urinary tract cancer (K. H. Kim et al., 2010) and head and neck squamous cell carcinoma (Handra-Luca et al., 2007) .
Materials and Methods
Patients' characteristics
This is a prospective cohort study was conducted from June 2012 to November 2013 in which all 52 enrolled patients were cases of chemotherapy naive metastatic triple negative breast cancer (TNBC). Patients' clinical history data was acquired from the files of the Medical Oncology Unite, Oncology Center Mansoura University, Mansoura, Egypt. The age of patients ranged from 31 to 69 years. The histology of the formalin-fixed, paraffin embedded sections was confirmed by pathologist, Figure 1 . Clinicopathological and molecular data were collected, including age, menopausal state, performance state (PS), loss of weight, site of distant metastasis and the immunohistochemical expression of Ki-67 index. According to the percentage of stained nuclei, two categories were defined for Ki-67 index: <14% (low proliferative) and ≥14% (high proliferative), Figure 2 . All patients received 6 cycles of chemotherapy regimen (Cisplatin 75 mg/m 2 IV plus Paclitaxel 135 mg/m 2 IV on day 1 Cycled every 21 days). Follow-up ranged from a minimum of 3 months to a maximum of 20 months (median 8 months).
Response rate was evaluated by CT scan, PET/CT (whenever possible) and CA 15.3 serum level (when the basal level was elevated before treatment) and patients were categorized according to RECIST (Response Evaluation Criteria in Solid Tumors) (Therasse et al., 2000) . Progression free survival (PFS) time was calculated as the duration from the first day of treatment to the date of documented disease progression. Overall survival (OS) time was calculated as the duration from the date of diagnosis to the date of death.
Immunohistochemical study
Immunohistochemical staining was performed on 4 μm FFPE tissue sections using antigen retrieval technique. Slides were deparaffinized in xylene and dehydrated in a graded ethanol series. Endogenous peroxidase was blocked with 0.3% H2O2 in methanol for 15 min. For antigen retrieval, the slides for ERCC1 (clone 8F1, dilution 1:100, Thermo Fisher, Scientific Inc., Fremont, USA) were immersed in 10 mm citric buffer solution (pH 6.0). Slides were heated to 125 ºC by exposure to autoclave irradiation for 15 min and were allowed to cool for 1 h at room temperature, then washed in water and PBS. Non specific binding was blocked by pre-incubation with 2% BSA plus 0.1% NaN3for 30 min. The blocking solution was drained off, and the slides were incubated overnight at 4 ºC with the primary antibodies. Staining with an irrelevant mouse IgG1 or IgG2a was routinely performed as a negative control procedure. After washing three times in PBS, the slides were incubated with a labeled polymer, EnVision + Peroxidase Mouse (DAKO, Glostrup, Denmark), for 30 min. The chromogen used was 2% 3,3`-diaminobenzidine in 50 mM Tris buffer (pH 7.6) containing 0.3% hydrogen. Slides were counterstained with hematoxylin. Breast cancer tissue was used as a positive control. A distinct brown nuclear immunostaining was scored positive. At least, 400 cells from 5 randomly selected fields (X400) were counted. Aberrant expression was defined as staining in excess of normal tissues. 
Statistical Analysis
Descriptive statistics comparing ERCC1 expression with the clinicopathological characteristics were analyzed by the chi-square test. Survival curves were calculated by the Kaplan-Meier method, and the differences were assessed by the log-rank test. Statistical analysis software (Dr SPSSII, Windows, version 20) was used to perform the analyses, and a significant level of ≤0.05 was considered statistically significant.
Results
ERCC1 expression and clinicopathologic features of patients
From June 2012 to November 2013, 52 newly diagnosed chemotherapy naive metastatic triple negative breast cancer patients were enrolled. With age from 31 to 69 years; mean ± SD (51 ± 11). Fourteen patients (26.9%) were premenopausal while 38 patients (73.1%) were postmenopausal, 26 patients (50%) presented with weight loss and 25 patients (48.1%) had performance status 2. ERCC1 expression was positive in 34 patients (65.4%) while 18 patients (34.6%) showed negative ERCC1 expression. Twenty four patients (46.2%) were expressing low Ki 67 while 28 patients (53.8%) expressing high Ki 67. Both visceral and bone metastasis at diagnosis were ERCC1 Expression in Metastatic Triple Negative Breast Cancer Patients statistically significant relation (P 0.046) as shown in Table (1). The median follow up duration was eight month (range: 3 -20 month) and at the end of the study there were 36 patients (69.2%) died, six patients (11.5%) lost follow up and ten patients (19.3%) continued alive till end of the study. High ERCC1 expression was associated with short PFS (median, 5 months vs. 7 months; P = 0.043), show Table ( 2) and Figure 5 . Also, high ERCC1 expression was associated with short OS (median, 9 months vs. 11 months; P = 0.033) as shown in table (2) and Figure 6 .
Discussion
The present study showed higher ERCC1 expression in TNBC (high expression versus low expression was 65.4% vs. 34.6%, respectively) and this was difference from Kim et al., (2011) who found that TNBC tend to be ERCC1 negative and this was due to larger number of studied cases in that study which was comparing ERCC1 expression in all other molecular subtypes of breast cancer as luminal A, Luminal B and HER-2 amplifier. Based on their results, presented in 23 patients (44.2%) while visceral metastasis only and bone metastasis only were presented in 17 patients (32.7%) and 12 patients (23.1%), respectively.
Impact of ERCC1 expression on response rate, progression free survival (PFS) and overall survival (OS) After 6 cycles of chemotherapy regimen (Cisplatin 75 mg/m2 IV plus Paclitaxel 135 mg/m2 IV on day 1 Cycled every 21 days), complete response (CR) observed in three cases (5.8%) confirmed by PET/CT while 18 patients (34.6%) showed partial response (PR). However stable disease (SD) and progression were observed in 14 patients (26.9%) and 17 patients (32.7%).
This study did not found statistically significant relation between ERCC1 expression and clinicopathological criteria of the patients as age (P 0.24), menopausal state (P 0.15), performance state at start of treatment (P 0.33), site of metastasis at diagnosis (P 0.6) and Ki 67 expression (P 0.32) while weight loss at diagnosis was statistically significant with high ERCC1 expression (P 0.02) as shown in Table (1). Patients with CR and PR were considered responders while patients with SD and progressed disease were considered non responders and the present study found that patients with high ERCC1 expression showed poor response (SD and progressed disease) to cisplatin plus paclitaxel while patients with low ERCC1 expression showed an improved response (CR and PR) with a Kim et al., (2011) document that the possibility of using platinum-based chemotherapy as a treatment option for TNBC can be expected which was supported by a phase II clinical trial for neoadjuvant cisplatin chemotherapy in 22 TNBC patients, showing almost 64% response rate and 22% pathologically complete response (Silver et al., 2010) .
There are little studies as regard the expression of ERCC1 in breast cancer. Some series showed that the expression of ERCC1 is lower in TNBC. Sidoni et al., (2008) analyzed ERCC1 expression in 81 TNBC and found that one third of the studied cases (32.0%) was positive for ERCC1 that may be predictive of a poor response to platinum-based drugs. Therefore, they suggested that the immunohistochemical screening for ERCC1 in TNBC could be a method for better identification of patients who may respond to platinum-containing chemotherapies. In contrast to our results Gerhard et al., (2013) found that TNBC were more frequently negative for ERCC1 (61.5% of the cases) however this study examine ERCC1 expression in primary tumor and not in metastatic breast cancer as our study. Another different study by Shao et al., (2010) found that positive ERCC1 expression was presented in 50% of both locally advanced and metastatic breast cancer patients.
The current study did not demonstrate any significant relation between ERCC1 expression and clinicopathological criteria of the patients as age, menopausal state, performance state at start of treatment, site of metastasis at diagnosis and Ki 67 expression except weight loss at diagnosis which was statistically significant with high ERCC1 expression. Using a quantitative immunofluorescence technique, Metro et al., (2010) analyzed the expression of ERCC1 protein in 55 patients with metastatic breast cancer. In agreement with our study, the authors did not find any statistically significant associations between ERCC1 and the following variables: age (≥ vs. < 50 years), tumor stage at diagnosis (localized (Metro et al., 2010) . In general, our results and those from Shao et al., (2010) and Deng et al., (2014) suggest that ERCC1 expression is not associated with many clinicopathological features in patients with breast cancer as age, performance status, tumor size and hormonal status.
On the other hand, ERCC1 expression in breast cancer was analyzed in 504 women with early stage breast cancer treated with breast-conserving surgery and postoperative breast irradiation, Goyal et al., (2010) found that increased ERCC1 expression was associated with criteria of a better prognosis, including age >50 years-old, lower T stage, negative nod, positivity of ER, and non-triple negative status but, this study was conducted on early breast cancer and included all molecular subtypes of breast cancer patients. Gerhard et al., (2013) analyzed the immunohistochemical expression of ERCC1 in a series of primary breast cancers and showed an association between ERCC1-positive expression and tumor size smaller than 2.0 cm (P = 0.007), but no correlation was found with other clinicopathological features however, this study examine ERCC1 expression in primary tumor and not in metastatic breast cancer as our study.
ERCC1 positivity has been shown to predict poor treatment response of platinum-based chemotherapy in ovarian, gastric, cervical, colon and non-small cell lung cancer (Britten et al., 2000) , (Dabholkar et al., 1992) , (Metzger et al., 1998) , (Olaussen et al., 2006) , (Shirota et al., 2001 ). The present study found an improved response to platinum based chemotherapy in patients with low ERCC1 expression and a poor response in patients with high ERCC1 expression and this explain the role of ERCC1 in platinum resistance.
Also, in a study involving 107 breast cancer patients treated with neoadjuvant chemotherapy composed of paclitaxel plus carboplatin showed that ERCC1-negative tumors were related to a higher pathological complete remission (pCR) than tumors positive for ERCC1 (Chen et al., 2012) .
However, Metro et al., (2010) did not find a statistically significant associations between RRM1, ERCC1 or BRCA1, and response to treatment (P 0.49 for RRM1, P 0.13 for ERCC1, P 0.41 for BRCA1) which can be explained by this study was conducted on primary and metastatic breast cancer patients and also included TNBC and other molecular subtypes. Also, Shao et al., (2010) found that ERCC1 expression was not significantly associated with ORR and this is not consistence with our result which can be explained by Shao et al., (2010) was conducted on 54 locally advanced or metastatic breast cancer patients including TNBC and other molecular subtypes and an explanation is the intrinsic differences in tumor biology among different cancers.
Chemotherapy composed by platinum drugs results in the formation of platinum-DNA adducts, leading destruction of the DNA molecule. These DNA adducts are repaired by and important enzyme (ERCC1) which is related to the NER pathway, (Kelland, 2007) , (Martin et al., 2008) , (Vilmar and Sorensen, 2009 ). So, the activity of DNA repair systems, specially the NER pathway, is an important indicator of platinum drugs resistance (Reed, 2005) .
Many tumors are treated with platinum-based doublets, and the ERCC1 has been considered as a possible useful predictive and/or prognostic marker to platinum chemotherapy agents. According to Olaussen et al., (2006) the expression status of ERCC1 is a predictive factor for the sensitivity to platinum-based chemotherapy in NSCLC patients. The authors analyzed two groups of patients with completely resected NSCLC: the adjuvant chemotherapy group received cisplatin-based adents and the control group was observed only. Patients with low ERCC1 tumors in the adjuvant chemotherapy group had a statistically significant better OS and DFS when compared to the control group; in contrast, there was no survival difference between the two groups in patients with high ERCC1 tumors (Olaussen et al., 2006) . In another study, the negativity for ERCC1 expression in patients with locally advanced NSCLC treated with neoadjuvant platinum-based concurrent chemoradiotherapy was associated with an improved survival compared to patients whose tumors were ERCC1-positive (Hwang et al., 2008) .
The current study found a longer PFS and OS for patients with low ERCC1 expression than patients with high ERCC1 expression and this explain the importance of biological assessment of metastatic disease before treatment with platinum based chemotherapy. Our result was in agreement with few studies regarding patients with breast cancer that were treated with platinum-based regimens. Shao et al., (2010) analyzed the expression of ERCC1 in patients with advanced breast cancer treated with platinum-based chemotherapies on 54 patients with locally advanced or metastatic breast cancer treated with paclitaxel and cisplatin and found that, in multivariate analysis, increased ERCC1 expression was associated with poor progression-free survival (PFS).
In contrast, Gerhard et al., (2013) and Goyal et al., (2010) did not find an association between ERCC1 expression and survival for patients with breast cancer. Also Kim et al., (2011) did not find any association between ERCC1 expression and survival of the patients after platinum based chemotherapy which was different from our result and can be explained by in Kim et al., (2010) the expression of ERCC1 was examined in early breast cancer patient not in metastatic setting. Likewise, Metro et al., (2010) did not found significant associations between ERCC1 expression and PFS or OS but this study was conducted on both primary and metastatic breast cancer patients and also included TNBC and other molecular subtypes. Shao et al., (2010) found that ERCC1 expressions were not significantly associated with PFS or OS and this difference from our results can be explained by Shao et al., (2010) was conducted on 54 locally advanced or metastatic breast cancer patients including TNBC and other molecular subtypes and an explanation is the intrinsic differences in tumor biology among different cancers.
In a series by Deng et al., (2014) , the median DFS was not significantly different between the low and high ERCC1 mRNA expression groups in the entire cohort (54.99 vs. 45.59 months, P 0.433). No significant difference in OS was observed between the low and high ERCC1 mRNA expression groups (58.02 vs. 48.52 months, P 0.760) however this study was conducted on 363 patients with breast cancer, 344 had invasive cancer (94.8%) and 19 non-invasive cancer (5.2%); 30 (8.3%) received plati¬num-based adjuvant chemotherapy, 35 (9.6%) received surgery alone, and 298 (82.1%) received non-platinum-based adjuvant chemotherapy and this design different from our inclusion criteria that included metatstatic triple negative breast cancer patients. This prospective study was conducted on a small number of patients and in single institution however, it further indicate ERCC1 as an important marker for customized chemotherapy in metastatic TNBC patients and showed that high ERCC1 expression was significantly associated with poor response, PFS and OS in patients treated with platinum based chemotherapy. This may indicate further prospective studies with large numbers of patients to confirm the role of ERCC1 as a prognostic factor, since there are limited prognostic markers in chemotherapy for TNBC.
